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m    he  National  Bureau  of  Standards'  was  established  by  an  act  of  Congress  on  March  3,  1901.  The 
m    Bureau's  overall  goal  is  to  strengthen  and  advance  the  nation's  science  and  technology  and  facilitate 
their  effective  application  for  public  benefit.  To  this  end,  the  Bureau  conducts  research  and  provides:  (1)  a 
basis  for  the  nation's  physical  measurement  system,  (2)  scientific  and  technological  services  for  industry  and 
government,  (3)  a  technical  basis  for  equity  in  trade,  and  (4)  technical  services  to  promote  public  safety. 
The  Bureau's  technical  work  is  performed  by  the  National  Measurement  Laboratory,  the  National 
Engineering  Laboratory,  the  Institute  for  Computer  Sciences  and  Technology,  and  the  Institute  for  Materials 
Science  and  Engineering . 


The  National  Measurement  Laboratory 


Provides  the  national  system  of  physical  and  chemical  measurement; 
coordinates  the  system  with  measurement  systems  of  other  nations  and 
furnishes  essential  services  leading  to  accurate  and  uniform  physical  and 
^chemical  measurement  throughout  the  Nation's  scientific  community,  in- 
dustry, and  commerce;  provides  advisory  and  research  services  to  other 
Government  agencies;  conducts  physical  and  chemical  research;  develops, 
produces,  and  distributes  Standard  Reference  Materials;  and  provides 
calibration  services.  The  Laboratory  consists  of  the  following  centers: 


Basic  Standards2 
Radiation  Research 
Chemical  Physics 
Analytical  Chemistry 


The  National  Engineering  Laboratory 


Provides  technology  and  technical  services  to  the  public  and  private  sectors  to 
address  national  needs  and  to  solve  national  problems;  conducts  research  in 
engineering  and  applied  science  in  support  of  these  efforts;  builds  and  main- 
tains competence  in  the  necessary  disciplines  required  to  carry  out  this 
research  and  technical  service;  develops  engineering  data  and  measurement 
capabilities;  provides  engineering  measurement  traceability  services;  develops 
test  methods  and  proposes  engineering  standards  and  code  changes;  develops 
and  proposes  new  engineering  practices;  and  develops  and  improves 
mechanisms  to  transfer  results  of  its  research  to  the  ultimate  user.  The 
Laboratory  consists  of  the  following  centers: 
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Manufacturing  Engineering 
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The  Institute  for  Computer  Sciences  and  Technology 

Conducts  research  and  provides  scientific  and  technical  services  to  aid 
Federal  agencies  in  the  selection,  acquisition,  application,  and  use  of  com- 
puter technology  to  improve  effectiveness  and  economy  in  Government 
operations  in  accordance  with  Public  Law  89-306  (40  U.S.C.  759),  relevant 
Executive  Orders,  and  other  directives;  carries  out  this  mission  by  managing 
the  Federal  Information  Processing  Standards  Program,  developing  Federal 
ADP  standards  guidelines,  and  managing  Federal  participation  in  ADP 
voluntary  standardization  activities;  provides  scientific  and  technological  ad- 
visory services  and  assistance  to  Federal  agencies;  and  provides  the  technical 
foundation  for  computer-related  policies  of  the  Federal  Government.  The  In- 
stitute consists  of  the  following  centers: 


Programming  Science  and 
Technology 
Computer  Systems 
Engineering 


The  Institute  for  Materials  Science  and  Engineering 


Conducts  research  and  provides  measurements,  data,  standards,  reference 
materials,  quantitative  understanding  and  other  technical  information  funda- 
mental to  the  processing,  structure,  properties  and  performance  of  materials; 
addresses  the  scientific  basis  for  new  advanced  materials  technologies;  plans 
research  around  cross-country  scientific  themes  such  as  nondestructive 
evaluation  and  phase  diagram  development;  oversees  Bureau-wide  technical 
programs  in  nuclear  reactor  radiation  research  and  nondestructive  evalua- 
tion; and  broadly  disseminates  generic  technical  information  resulting  from 
its  programs.  The  Institute  consists  of  the  following  Divisions: 


Ceramics 

Fracture  and  Deformation  3 

Polymers 

Metallurgy 

Reactor  Radiation 


'Headquarters  and  Laboratories  at  Gaithersburg,  MD,  unless  otherwise  noted;  mailing  address 
Gaithersburg,  MD  20899. 

:Some  divisions  within  the  center  are  located  at  Boulder,  CO  80303. 
'Located  at  Boulder,  CO,  with  some  elements  at  Gaithersburg,  MD. 
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Preface 


Standard  Reference  Materials  (SRM's)  as  defined  by  the  National  Bureau  of  Standards  (NBS)  are 
well-characterized  materials,  produced  in  quantity  and  certified  for  one  or  more  physical  or 
chemical  properties.     They  are  used  to  assure  the  accuracy  and  compatibility  of  measurements 
throughout  the  Nation.     SRM's  are  widely  used  as  primary  standards  in  many  diverse  fields  in 
science,   industry,  and  technology,  both  within  the  United  States  and  throughout  the  world.     They  are 
also  used  extensively  in  the  fields  of  environmental  and  clinical  analysis.     In  many  applications, 
traceability  of  quality  control  and  measurement  processes  to  the  national  measurement  system  is 
carried  out  through  the  mechanism  and  use  of  SRM's.     For  many  of  the  Nation's  scientists  and 
technologists  it  is  therefore  of  more  than  passing  interest  to  know  the  details  of  the  measurements 
made  at  NBS  in  arriving  at  the  certified  values  of  the  SRM's  produced.     An  NBS  series  of  papers,  of 
which  this  publication  is  a  member,  called  the  NBS  Special  Publication  -  260  Series,   is  reserved  for 
this  purpose. 

The  260  Series  is  dedicated  to  the  dissemination  of  information  on  different  phases  of  the 
preparation,  measurement,  certification  and  use  of  NBS  SRM's.     In  general,  much  more  detail  will  be 
found  in  these  papers  than  is  generally  allowed,  or  desirable,  in  scientific  journal  articles.  This 
enables  the  user  to  assess  the  validity  and  accuracy  of  the  measurement  processes  employed,  to  judge 
the  statistical  analysis,  and  to  learn  details  of  techniques  and  methods  utilized  for  work  entailing 
the  greatest  care  and  accuracy.     These  papers  also  should  provide  sufficient  additional  information 
not  found  on  the  certificate  so  that  new  applications  in  diverse  fields  not  foreseen  at  the  time  the 
SRM  was  originally  issued  will  be  sought  and  found. 

Inquiries  concerning  the  technical  content  of  this  paper  should  be  directed  to  the  author(s). 
Other  questions  concerned  with  the  availability,  delivery,  price,  and  so  forth,  will  receive  prompt 
attention  from: 

Office  of  Standard  Reference  Materials 
National  Bureau  of  Standards 
Gaithersburg,  MD  20899 


Stanley  D.  Rasberry,  Chief 

Office  of  Standard  Reference  Materials 
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Triple-point-of-succinonitrile  cells  have  been  tested  and  established  as  Standard  Reference  Material 
(SRM)  1970.  Of  the  115  cells  tested,  109  were  accepted  as  SRM  1970.  Five  of  the  115  cells  had  triple-point 
temperatures  lower  than  58.0785  °C  (the  low-temperature  limit  established  for  SRM  1970)  and,  consequently, 
were  rejected.  One  of  the  115  cells  broke  during  tests  on  it.  The  mean  value  of  the  triple-point  temperatures 
(obtained  by  freezing)  of  the  109  cells  is  58.0796±0.0O15  °C,  where  the  uncertainty  is  the  total  estimated 
uncertainty  relative  to  the  International  Practical  Temperature  Scale  of  1968,  Amended  Edition  of  1975.  The 
standard  deviation  of  the  triple-point  temperatures  is  0.48  mK.  The  purity  of  the  succinonitrile  of  the  SRM 
1970  cells  is  estimated  to  range  from  99.999,97%  to  99.999,84%.  The  preparation  of  the  cells,  the  various  tests 
performed  on  them,  and  the  procedure  recommended  for  their  use  are  described. 

Key  words:  SRM  1970;  standard  reference  materials;  succinonitrile;  thermometry;  temperature  fixed  point. 


1.  Introduction 

Accurate  temperature  measurements  and  control  are 
necessary  for  many  tests  conducted  in  clinical  and  bio- 
medical laboratories  in  order  to  obtain  accurate  and 
meaningful  results  which  form  the  basis  for  the  diagno- 
sis and  treatment  of  diseases.  Temperature  fixed  points 
at  temperature  values  near  those  at  which  specific  tests 
are  conducted  can  be  used  as  the  reference  temperatures 
for  those  tests.  This  simplifies  temperature  measure- 
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ments  and  significantly  improves  the  precision  and  ac- 
curacy of  clinical  measurements  and  results. 

The  calibration  of  thermometers  is  performed,  either 
directly  or  indirectly,  through  the  use  of  temperature 
fixed  points.  Because  temperature  fixed  points  provide 
reproducible  environments,  they  have  been  the  basis  for 
practical  temperature  scales,  such  as  the  International 
Practical  Temperature  Scale  of  1968,  Amended  Edition 
of  1975  (IPTS-68(75)  and  they  are  used  in  the  cali- 
bration of  thermometers  on  those  scales.  In  addition  to 
the  defining  fixed  points  of  the  scales,  there  are  other 
equilibrium  states  which  are  internationally  recognized 
as  secondary  reference  points  [2].  Those  points  may  be 
used  for  calibration  of  thermometers  which  do  not  oper- 
ate over  the  entire  range  of  the  defining  fixed  points 
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of  the  IPTS-68(75)  and  when  a  comparison  calibration 
against  a  primary  standard  is  not  practicable.  The  fea- 
sibility of  the  use  of  the  triple-point  temperature  of  suc- 
cinonitrile  (SCN)  as  a  temperature  reference  point  near 
58.08  °C  has  been  investigated  [3,4,5]  and  the  quality  of 
this  fixed  point  has  been  found  to  be  very  high,  the  point 
containing  most  of  the  features  desired  in  a  fixed  point. 

Based  on  the  previous  work  [4,5},  we  have  developed 
an  SCN  triple-point  Standard  Reference  Material 
(SRM).  It  is  designated  SRM  1970— the  Succinonitrile 
Triple-Point  Standard,  and  it  is  available  from  the  Office 
of  Standard  Reference  Materials  (OSRM)  of  the  Na- 
tional Bureau  of  Standards  (NBS).  These  SRM  devices 
are  easy  to  use  and  with  them  one  can  confidently  ex- 
pect to  achieve  a  calibration  point  with  an  uncertainty 
no  greater  than  ±0.0015  K. 

The  remainder  of  this  publication  describes  SRM 
1970,  the  tests  performed  on  the  cells  of  SCN,  the  condi- 
tions under  which  the  cells  were  tested,  the  results  ob- 
tained from  testing  109  SRM  1970  cells,  and  the  pro- 
cedure recommended  for  using  the  cells  for  calibration 
of  thermometers. 


2.    Experimental  Details 
2.1    Preparation  of  SCN  Triple-Poiut  Cells 

a)  Cell  Design 

Previous  experience  [4,5]  with  SCN  led  to  the  design 
shown  in  figure  1  for  the  triple-point  cells  constituting 
SRM  1970.  These  cells,  sealed  under  vacuum,  contain 
approximately  60  grams  of  high-purity  SCN  and  are 
designed  to  be  used  with  small  thermometers,  those  not 
exceeding  4.5  mm  (0.180  inches)  in  diameter.  The  ther- 
mometer well  of  a  cell  will  accommodate  most  precision 
thermistor  thermometers,  many  platinum  resistance 
thermometers,  and  most  diode  thermometers. 

b)  Purification  of  SCN  and  Filling  of  the  Triple-Point 
Cells 

The  SCN  used  for  SRM  1970  was  purified  by  the 
zone-refining  technique  by  Prof.  M.  E.  Glicksman  and 
his  students  at  Rensselaer  Polytechnic  Institute.  The  ap- 
paratus used  for  the  zone-refining  was  a  modified  ver- 
sion of  that  described  previously  by  M.  E.  Glicksman  et 
al.  [3]. 

Three  pyrex  cells  were  attached  to  the  zone-refining 
tube  of  the  second  stage  of  refining  so  that  three  cells 
could  be  prepared  from  the  purest  half  of  the  purified 
material  of  that  second  stage.  Each  of  the  two  stages  of 
purification  consisted  of  at  least  20  passes  through  the  6 
zones  of  the  zone-refining  furnace.  This  amount  of  puri- 
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Figure  1-Cross-sectional  drawing  of  the  succinonitrile  triple-point 

cell. 

fication  had  been  determined  previously  by  one  of  us 
(B WM)  [6]  to  be  the  minimum  required  if  three  cells 
were  to  be  routinely  obtained  from  each  zone-refined 
lot.  During  the  early  part  of  the  second  stage  of  zone- 
refining,  the  three  pyrex  cells  were  washed  several  times 
with  the  purified  SCN. 

2.2    Testing  of  SCN  Triple-Point  Cells  for  SRM  1970 

Using  the  inner-sheath  technique,  the  freezing  behav- 
iors of  1 1 5  cells  were  studied  in  a  well-stirred  constant- 
tempeature  oil  bath  maintained  at  56.880  °C.  Some  pre- 
liminary tests  were  made  prior  to  testing  the  cells  to 
determine  the  optimum  bath  temperature  to  be  used  for 
the  freezing  experiments,  consistent  with  a  reasonable 
time  for  the  freeze.  The  temperature  selected  was 
56.880  °C. 

Prior  to  a  freezing  experiment,  the  SCN  was  melted 
by  immersing  the  cell  in  a  water  bath  at  about  80  °C. 
When  the  material  had  completely  melted,  the  cell  was 
removed  from  the  bath  and  its  exterior  dried.  The  cell 
was  inverted  several  times  to  obtain  a  uniform  distribu- 


tion  of  any  impurities  present  in  the  sample.  Then  a  cold 
copper  rod  was  inserted  into  the  thermometer  well, 
which  contained  a  small  amount  of  light  mineral  oil,  to 
initiate  the  growth  of  an  SCN  sheath  around  the  well. 
When  the  sheath  appeared  to  be  2  to  3  mm  thick,  the  rod 
was  removed.  This  sheath  provided  an  inner  liquid-solid 
interface  which  the  thermometer  sensed.  Once  the 
sheath  had  formed,  the  cell  was  placed  in  the  constant- 
temperature  oil  bath  and  a  thermistor  thermometer  was 
inserted  into  the  thermometer  well.  A  second  liquid- 
solid  interface  then  formed  along  the  outer  wall  of  the 
cell.  After  the  cell  was  placed  in  the  oil  bath,  tem- 
perature measurements  were  begun  and  they  were  made 
at  regular  intervals  until  complete  solidification  of  the 
SCN  in  the  cell.  These  tests  were  made  with  groups  of 
three  cells  at  a  time. 

2.3    Apparatus  Used  in  the  Realization  of  the 
Triple-Points  of  the  SCN  Cells 

a)  Constant  Temperature  Bath 

A  constant  temperature  bath  was  used  to  study  the 
freezing  behavior  of  all  cells  tested  for  suitability  as 
SRM  1970.  The  bath  has  a  10.6-liter  capacity;  such  baths 
are  commercially  available.  A  light  mineral  oil  (a  di- 
methylpolysiloxane)  with  a  17-centistokes  viscosity  at 
40  °C  was  used  as  a  bath  medium.  The  bath  has  both  a 
cooling  and  a  heating  system  and  its  temperature  was 
controlled  by  their  combined  effect.  The  cooling  was 
obtained  by  passing  a  stream  of  pressurized  air  at  room- 
temperature  through  the  cooling  coil.  The  heater,  and 
consequently  the  whole  bath,  was  controlled  by  a 
commercially-available  proportional  controller  with  a 
thermistor  as  a  sensing  element.  By  this  means,  it  was 
possible  to  maintain  a  uniform  bath  temperature,  con- 
stant to  ±0.5  mK,  for  a  time  much  longer  than  that 
needed  for  a  freezing  or  a  melting  experiment.  This  high 
level  of  temperature  control,  however,  is  not  necessary 
in  the  normal  use  of  SRM  1970. 

b)  Thermometers 

Bead-in-glass  probe-type  thermistor  thermometers 
were  used  in  this  investigation.  They  were  calibrated 
over  the  range  0  °C  to  70  °C  against  a  standard  platinum 
resistance  thermometer  (SPRT),  all  located  in  a  copper 
block  immersed  in  a  constant-temperature  oil  bath.  The 
copper  block,  a  high-capacity,  good  thermal  conductor, 
ensured  thermal  equilibrium  among  the  thermistors  and 
with  the  SPRT,  and  damped  any  sudden  temperature 
fluctuations.  The  measurements  of  the  SPRT  re- 
sistances, from  which  the  temperatures  of  calibration 
were  obtained,  were  made  with  a  Cutkosky  400-Hz 
bridge  [7]  which,  with  a  strip-chart  recorder,  has  an 


equivalent  temperature  resolution  of  about  1.5  /xK  and 
an  inaccuracy  of  about  0.01  mK.  The  SPRT  itself  had 
been  calibrated  previously  on  the  IPTS-68(75)  in  the 
NBS  Platinum  Resistance  Thermometer  Calibration 
Laboratory  using  the  same  bridge.  A  constant-current 
source  and  high-quality  6j-digit  digital  voltmeter 
(DVM)  were  used  for  potentiometric  measurements  of 
the  thermistors.  The  uncertainty  of  the  resistance  mea- 
surements of  the  thermistor  thermometers  corre- 
sponded to  about  ±0.25  mK.  By  fitting  the  equation 

l/T=A  +B  log  R  +C(log  R)2+D(\og  R)y  (1) 

to  the  data,  where  T  is  the  temperature  in  kelvins  and  R 
is  the  thermistor  resistance  in  ohms  at  temperature  T, 
the  constants  A,  B,  C  and  D  were  determined.  The 
temperature  value  then  derived  from  eq  (1)  for  a  mea- 
sured thermistor-thermometer  resistance  agreed  with 
that  measured  with  the  SPRT  to  within  ±  1  mK. 

c)    Temperature  Measurement  System 

The  temperature  measuring  system  used  in  testing  the 
cells  for  suitability  as  SRM  1970  was  the  same  auto- 
mated one  used  in  calibrating  the  thermistor  thermome- 
ters and  it  consisted  of  a  microcomputer,  a  6j-digit 
DVM,  a  constant-current  source,  a  standard  resistor, 
and  the  calibrated  thermistor  thermometers  [5]. 

3.    Results  and  Discussion 
3.1    Freezing  Experiments 

During  previous  work  on  SCN  [4,5],  it  was  found  that 
the  fastest  and  easiest  way  of  producing  a  temperature 
plateau  for  calibration  of  thermometers  was  by  the 
freezing  technique,  using  the  inner  sheath  method, 
rather  than  by  the  melting  technique.  Adopting  this 
technique  for  testing  the  cells  for  suitability  as  SRM 
1970,  we  conducted  freezing  experiments  on  a  cell  in  the 
oil  bath  maintained  at  57.480  °C,  57.180  °C  and 
56.880  °C  in  order  to  ascertain  a  reasonable  bath  tem- 
perature at  which  to  test  all  of  the  remaining  cells.  The 
results  for  three  freezes  of  cell  A- 1/3  in  a  bath  at 
57.480  °C  are  shown  in  figure  2;  those  for  the  cell  in  a 
bath  at  57. 180  °C  are  shown  in  figure  3;  and  those  for  the 
cell  in  a  bath  at  56.880  °C  are  shown  in  figure  4.  We 
depict  the  combined  results  of  these  freezes  of  A- 1/3  in 
figure  5,  which  shows  that  although  the  times  required 
for  the  freezes  vary  with  the  temperature  of  the  bath,  as 
expected,  the  temperatures  of  the  plateaus  are  un- 
affected by  the  bath  temperature.  Based  on  these  results, 
it  was  decided  to  test  all  cells  in  a  bath  maintained  at 
56.880  °C,  a  temperature  that  does  not  require  an  unrea- 
sonable amount  of  time  for  measurements. 
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Figure  2-Freezing  curves  of  sam- 
ple A- 1/3  obtained  on  different 
days,  each  time  in  an  oil  bath 
maintained  at  57.480  °C. 


Figure  3-Freezing  curves  of  sam- 
ple A- 1/3  obtained  on  different 
days,  each  time  in  an  oil  bath 
maintained  at  57.180  °C. 
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Figure  4-Freezing  curves  of  sam- 
ple A- 1/3  obtained  on  different 
days,  each  time  in  an  oil  bath 
maintained  at  56.880  °C. 
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Figure  5-Freezing  curves  of  SRM 
1970  cell  A- 1/3  in  constant  tem- 
perature baths  at  three  different 
temperatures.  The  data  repre- 
sented by  ■  were  obtained  with 
the  cell  in  a  bath  at  57.480  °C, 
those  data  represented  by  A_ 
were  obtained  with  the  cell  in  a 
bath  at  57.180  °C,  and  those  data 
represented  by  ♦  were  obtained 
with  the  cell  in  a  bath  at 
56.880  °C. 
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Figures  2,  3,  and  4  also  show  the  irreproducibility  of 
the  freezing  curves  of  A-l/3.  The  spread  among  the 
three  curves  of  figure  2  is  0.7  mK,  that  for  the  curves  of 
figure  3  is  0.6  mK,  and  that  for  the  curves  of  figure  4  is 
0.8  mK.  We  see,  however,  that  the  plateaus  of  the  indi- 
vidual curves  in  figures  2,  3,  and  4  are  fairly  flat  and  that 
the  freezing  range  of  any  given  curve  is  about  0.5  mK. 
The  initial  rapid  rise  in  temperature  indicated  by  the 
thermistor  thermometer  is  due  primarily  to  the  tem- 
perature of  the  oil  and  thermistor  in  the  thermometer 
well  of  the  cell  rising  to  the  temperature  of  the  SCN 
liquid-solid  interface.  The  curvature  at  the  ends  of  the 
freezes  is  due  mainly  to  the  low  thermal  conductivity  of 
the  SCN  [8].  Also,  the  small  but  gradual  increase  in 
temperature  during  about  the  first  two-thirds  of  any 
given  freeze  is  attributed  to  the  low  thermal  conduc- 
tivity of  SCN.  The  small  but  gradual  decrease  in  tem- 
perature during  the  last  one-third  of  a  freeze  is  attributed 
to  the  low  thermal  conductivity  of  SCN,  to  increased 
concentration  of  impurities  in  the  liquid  SCN  due  to 
rejection  of  those  impurities  at  the  solid-liquid  interface 
as  the  SCN  solidifies,  and  to  decreased  effective  im- 
mersion of  the  thermistor  thermometer  because  of  the 
way  the  outer  solid-liquid  interface  progresses  inward. 

It  can  be  seen  from  figure  5  that  even  with  the  tem- 
perature of  the  bath  set  1.2  °C  below  the  triple-point 
temperature  of  SCN,  there  is  still  a  plateau  lasting  about 
2  hours,  a  sufficient  time  for  most  calibrations.  If  longer 
times  are  required  for  calibrations,  the  bath  temperature 
must  be  set  closer  to  the  triple-point  value  of  the  SCN. 

As  indicated  in  section  2,  the  column  of  the  second 
stage  of  the  zone-refining  apparatus  normally  contained 
enough  SCN  to  fill  three  cells  from  the  top  half  (the 
purest  part  and  that  which  constituted  a  "lot")  of  the 
column.  The  cells  were  given  a  designation  ending  with 
-1/X,  -2/X  or  -3/3.  The  letter  X  represents  either  the 


number  2,  indicating  that  only  two  cells  (-1/2  and  -2/2) 
were  filled  from  that  lot,  or  the  number  3,  indicating  that 
three  cells  (-1/3,  -2/3  and  -3/3)  are  in  the  lot.  The  first 
cell  to  be  filled  would  normally  be  considered  to  be  the 
purest  of  a  lot,  the  second  cell  to  be  filled  the  next  purest, 
and  the  third  cell  to  be  filled  the  least  pure.  In  some 
cases,  however,  one  could  envision  cells  designated 
-2/X  being  purer  than  cells  designated  -1/X  due  to  the 
washing  of  the  empty  (contaminated?)  cells  and  the  im- 
purity not  being  removed  from  the  first  portion  of  the 
SCN  in  the  subsequent  zone  refining.  The  spread  of  the 
triple-point  temperatures  of  the  cells  of  SCN  of  a  given 
lot  is  an  indication  of  the  relative  purity  of  those  cells. 
Figures  6,  7,  and  8  show  freezing  curves  of  three  groups 
of  cells,  each  group  constituting  a  lot.  All  of  the  freezing 
curves  were  obtained  at  the  same  bath  temperature  us- 
ing the  same  technique  of  freezing.  The  behavior  por- 
trayed in  these  figures  is  typical  of  all  the  lots  of  SRM 
1970.  Figure  6  displays  freezing  curves  of  cells  L28-1/3, 
L28-2/3,  and  L28-3/3;  these  cells  belong  to  lot  L28.  The 
temperatures  of  the  plateaus  of  these  cells  have  a  spread 
of  1.3  mK.  Figures  7  and  8  display  the  curves  obtained 
during  freezing  of  cells  L25-1/3,  L25-2/3  and  L25-3/3, 
which  belong  to  lot  L25,  and  cells  L34-1/3,  L34-2/3  and 
L34-3/3,  which  belong  to  lot  L34,  respectively.  The 
curves  obtained  during  freezing  of  lot  L25  show  a 
spread  of  about  0. 1  mK  while  those  of  lot  L34  have  a 
spread  of  about  0.8  mK.  We  see  that  all  of  the  curves  of 
figures  6,  7,  and  8  are  rather  flat,  with  freezing  ranges  of 
about  0.5  mK,  ranges  which  are  due  primarily  to  curva- 
ture near  the  ends  of  the  freezes.  These  small  freezing 
ranges  indicate  high  purity. 

We  see  from  figures  6,  7,  and  8  that  the  differences  in 
temperature  values  of  the  plateaus  of  the  different  cells 
of  a  given  lot  are  small  but  the  temperatures  are,  never- 
theless, not  exactly  the  same.  This  is  primarily  because 
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Figure  6-Freezing  curves  of  the 
three  cells  of  lot  L28  obtained  in 
a  bath  at  56.880  "C.  ■  represent 
data  for  L28-1/3,  A  represent 
data  for  L28-2/3,  and  ♦  repre- 
sent data  for  L28-3/3. 
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Figure  7-Freezing  curves  of  the 
three  cells  of  lot  L25  obtained  in 
a  bath  at  56.880  °C.  ■  represent 
data  for  L25-1/3,  A  represent 
data  for  L25-2/3,  and  ♦  repre- 
sent data  for  L25-3/3. 
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Figure  8-Freezing  curves  of  the 
three  cells  of  lot  L34  obtained  in 
a  bath  at  56.880  "C.  •  represent 
data  for  L34-1/3,  A  represent 
data  for  L34-2/3,  and  ♦  repre- 
sent data  for  L34-3/3. 


the  cells  were  filled  with  SCN  from  different  sections  on 
the  same  zone-refining  column  and  the  purity  varies 
along  the  column.  The  results  for  the  cells  of  lot  L34, 
shown  in  figure  8,  as  well  as  the  results  for  cells  of  lots 
L28  and  L25,  shown  in  figures  6  and  7,  respectively, 
demonstrate  that  the  purities  of  the  cells  belonging  to  a 
given  lot  have  different  values  and  that  generally  they 
are  in  the  sequence  discussed  above.  The  freezing 
curves  of  the  three  samples  of  lot  L34,  taken  from  the 
same  zone-refining  tube,  clearly  demonstrate  how  im- 
purities affect  the  triple-point  values  of  the  SCN.  It  is 
seen  in  figure  8  that  the  first  sample  has  a  plateau  during 
freezing  which  has  the  highest  temperature  of  any  sam- 
ple of  that  lot.  The  third  cell,  L34-3/3,  was  the  last 
sample  in  that  lot  to  be  extracted  from  the  column  and 
it  has  a  plateau  with  the  lowest  temperature,  while  sam- 
ple L34-2/3  is  purer  since  it  was  the  second  sample  to  be 
taken  from  the  column.  This  distribution  of  tem- 
peratures of  the  plateaus  is  as  expected  from  purification 
of  a  material  by  zone  refining. 

The  spread  of  the  temperature  values  of  the  plateaus 
of  the  curves  obtained  during  freezing  of  the  cells  of 
each  of  the  39  lots  of  SRM  1970  cells  are  shown  in  figure 
9.  This  shows  that  the  spread  ranges  from  0.1  mK  to  1.3 
mK.  Only  four  lots,  however,  have  a  spread  in  tem- 
perature exceeding  0.9  mK,  and  those  have  a  spread  of 
1.3  mK.  These  results  indicate  that  the  cells  of  SRM 
1970  are  of  high  purity. 
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Figure  9-Histogram  of  the  spread  of  the  temperatures  of  the  plateaus 
of  the  freezing  curves  of  the  cells  of  a  given  lot. 


Our  results  indicate  that  in  general,  then,  the  purity  of 
the  cells  of  a  given  lot  is  such  that  the  first  extracted 
sample  (comprising  the  -1/X  cell)  is  the  purest,  the  sec- 
ond cell  filled  is  the  next  purest,  and  the  last  cell  (the 
third  cell)  will  be  the  most  impure.  Histograms  of  the 
triple-point  temperatures  for  the  cells  labelled  -1/X, 
-2/X,  and  -3/3  are  presented  in  figure  10.  The  highest 
plateau  temperature  measured  for  any  cell  was 
58.0806  °C,  as  indicated  in  the  histograms  for  cells  la- 
belled -1/X  and  -2/X.  Although  the  lowest  temperature 
indicated  in  the  histograms  is  58.0785  °C,  five  cells  with 
triple-point  temperatures  below  that  value  were  tested 
but  were  rejected  as  being  unsuitable  to  qualify  as  SRM 
1970.  Consequently,  they  are  not  included  in  the  histo- 
grams. The  rjottom  section  of  figure  10  shows  that  the 
values  of  the  39  cells  with  designations  -1/X  have  the 
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Freezing  Point  Temperature  (°C) 

Figure  10-Histograms  of  the  triple-point  temperatures  obtained  by 
freezing  of  all  of  the  SRM  1970  cells.  The  histogram  at  the  bottom 
of  the  figure  is  for  cells  designated  -1/X;  that  in  the  middle  of  the 
figure  is  for  cells  designated  -2/X;  and  that  at  the  top  of  the  figure 
is  for  cells  designated  -3/3. 
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smallest  spread  of  triple-point  temperatures  and  a  mean 
value  (58.0797  °C)  which  is  slightly  higher  than  that  of 
the  other  groups  of  cells  (those  designated  -2/X  and 
-3/3).  Also,  no  cell  of  the  bottom  portion  of  figure  10  has 
a  triple-point  temperature  below  58.0790  °C.  The  mid- 
dle section  of  figure  10  shows  that  the  38  cells  with 
designations  -2/X  are  spread  over  the  entire  range  from 
58.0785  °C  to  58.0806  °C,  with  a  mean  value  of 
58.0796  °C,  a  value  only  slightly  less  than  that  for  the 
group  of  cells  designated  -1/X.  The  top  section  of  figure 

10  shows  the  distribution  of  the  32  cells  designated  -3/3. 
These  cells  have  triple-point  temperatures  ranging  from 
58.0785  °C  to  58.0800  °C,  with  a  mean  value  of 
58.0793  °C. 

In  order  to  demonstrate  the  reproducibility  of  the 
triple-point  temperatures  observed  for  the  SRM  1970 
cells,  we  present  four  typical  freezing  curves  in  figures 

11  and  12.  In  figure  11,  we  display  two  freezing  curves 


of  cell  D-3/3,  obtained  on  different  days  in  a  bath  at  the 
same  temperature  and  using  the  same  thermistor  ther- 
mometer. This  shows  the  excellent  reproducibility  that 
is  obtainable  with  most  of  the  cells  comprising  SRM 
1970.  In  figure  12,  the  freezing  curves  characteristic  of 
cell  K-2/3  are  presented.  As  shown  there,  the  curves  did 
not  reproduce  exactly,  but  the  spread  was  less  than 
1  mK.  The  results  in  figure  12  are  typical  of  those  for 
cells  with  the  greatest  irreproducibility.  All  109  SCN 
cells  accepted  as  SRMs  were  tested  for  reproducibility 
in  the  manner  just  described.  In  figure  13,  we  present  a 
histogram  which  indicates  that  each  of  the  cells  had 
freezing  curves  which  repeated  to  within  a  value  lying 
between  0.0  mK  and  0.8  mK.  Figure  13  shows  that  77% 
of  the  cells,  i.e.,  84  cells,  have  a  spread  of  <0.3  mK  and 
only  25  cells  had  freezing  curves  with  plateaus  that  dif- 
fered by  amounts  ranging  from  0.4  to  0.8  mK. 
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Figure  11-Freezing  curves  of  cell 
D-3/3  obtained  on  different  days 
in  a  bath  at  56.880  °C,  showing 
reproducibility. 


Figure  12-Freezing  curves  of  cell 
K-2/3  obtained  on  different  days 
in  a  bath  at  56.880  °C,  showing 
reproducibility. 


Time  (min. 


8 


0.0      0.2      0.4      0.6      0.8  1.0 
Spread  of  TTP  per  Cell  (mK) 

Figure  13-Histogram  of  the  spread  of  the  triple-point  temperatures  of 
each  of  the  cells  of  SRM  1970,  as  determined  from  freezing  curves. 


As  indicated  previously,  we  obtained  115  cells  of 
SCN  to  investigate  for  suitability  as  SRM  1970.  Of 
these,  109  were  accepted  as  the  standard  reference  mate- 
rial; five  were  rejected  because  the  temperatures  of  the 
plateaus  of  their  freezing  curves  had  values  below 
58.0785  °C,  and  one  cell  broke.  The  histogram  shown  in 
figure  14  represents  the  distribution  of  the  triple-point 
temperatures  of  111  of  the  115  cells  considered  in  our 
study.  It  is  shown  that  the  triple-point  values  of  the  111 
cells  are  distributed  over  a  temperature  range  of  2.6  mK, 
i.e.,  from  58.0780  °C  to  58.0806  °C,  with  the  two  cells 
having  triple-point  temperatures  below  58.0785  °C  be- 
ing rejected  as  unsuitable  for  SRM  1970.  All  of  the  five 
cells  rejected  for  SRM  1970  belonged  to  the  group  des- 
ignated -3/3.  The  mean  triple-point  temperature  of  the 
109  cells  accepted  as  SRM  1970  is  58.0796  °C,  with  a 
standard  deviation  of  0.48  mK  and  a  standard  error  of 
0.04  mK. 

3.2    Determination  of  Purity 

The  reproducibility  of  the  plateau  of  the  freezing 
curve  of  a  sample  and  the  depression  of  the  triple-point/ 
freezing-point  temperature  is  a  function  of  the  purity  of 
that  sample  [9-11].  Similarly,  the  purity  determines,  in 


Figure  14-Histogram  of  the  triple- 
point  temperatures  of  the  109 
cells  of  SCN  accepted  as  SRM 
1970,  plus  those  of  two  cells 
with  temperatures  below 
58.0785  °C,  which,  con- 
sequently, were  rejected  as  be- 
ing unsuitable  for  SRM  1970. 
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a  major  way,  the  melting  behavior  of  a  sample  [9-11]. 
Both  of  these  methods,  of  course,  are  nondestructive 
and  can  be  used  for  any  SRM  1970  cell.  In  using  melting 
curves  to  estimate  the  purity  of  the  SCN  used  as  SRM 
1970,  three  cells  were  selected  with  triple-point  tem- 
peratures distributed  over  the  range  of  temperatures  ob- 
served for  the  plateaus  of  all  the  cells.  One  sample  cho- 
sen was  L27-2/3,  with  a  triple-point  value  of  58.0804  °C; 
another  cell  chosen  was  L20-2/3,  with  a  triple-point 
temperature  of  58.0787  °C;  the  third  cell  selected  was 
L26-2/3,  which  has  a  triple-point  temperature  of 
58.0795  °C.  Prior  to  the  melting  experiments  from 
which  the  purities  were  to  be  determined,  the  cells  were 
prepared  as  follows.  The  SCN  was  completely  melted 
by  placing  the  cells  in  a  water  bath  at  about  80  °C.  Then 
the  cells  were  removed,  wrapped  with  paper  towels, 
placed  in  dewars,  and  a  slow  stream  of  air  directed  into 
their  thermometer  wells  to  cause  the  SCN  to  freeze 
slowly  from  inside  outwards.  This  technique  of  freezing 
causes  the  impurities  that  have  distribution  coefficients 
with  values  less  than  1.0  (impurities  rejected  on  freez- 
ing) to  be  more  concentrated  on  the  outermost  parts  of 
the  cells.  After  the  SCN  had  solidified  and  cooled  to 
room  temperature,  the  cells  were  immersed  in  a  constant 
temperature  bath,  maintained  at  a  temperature  of 
58.38  °C,  and  their  temperatures  monitored  as  the  SCN 
melted.  Melting  curves  of  the  three  cells  are  presented  in 
figure  15. 

Assuming  that  the  law  of  dilute  solutions  [12,13]  is 
valid  for  our  samples,  the  purity  can  be  estimated  by 
using  the  equation  [9] 


A(Tn-Tf2) 

[(1//D-0//2)] 


where  X  is  the  total  mole  fraction  of  impurities  in  the 
sample,  7},  and  T/2  are  the  temperatures  when  the  frac- 
tions melted  are  f  \  and  fl,  respectively,  and  A  is  the 
cryoscopic  constant  (  =  0.004318  K"1  for  SCN).  The 
constant  A  can  be  calculated  from  the  equation 


ML 

RTl 


(i) 


where  R  is  the  gas  constant  (8.314  J  mol"1  K"1),  AJJ  is 
the  latent  heat  of  fusion  (3703.45  J  mol"'  for  SCN),  and 
T0  is  the  melting-point  temperature  in  kelvins.  Although 
the  plateaus  are  not  perfectly  flat  (i.e.,  there  is  a  finite 
melting  range),  the  temperature  difference  between  the 
bath  and  the  SCN  is  essentially  constant,  and  thus  the 
absorption  of  heat  per  unit  time  by  the  sample  during 
melting  is  nearly  constant.  Consequently,  the  fraction  of 
SCN  melted  can  be  considered  to  be  directly  propor- 
tional to  the  time  elapsed  during  the  melting  and  eq  (2) 
can  be  rewritten  as 


A(Tn-T!2) 
[(l/M)-(l//2)] 


(4) 


(2) 


where  fl  and  fl  have  been  replaced  by  tl  and  tl,  re- 
spectively. 

Since  the  three  melting  curves  shown  in  figure  1 5  do 
not  have  perfectly  flat  plateaus  and  since  that  for 
L20-2/3  has  an  odd  shape,  we  selected  various  parts  of 
each  curve  for  possible  use  in  estimating  the  impurity 
content.  The  results  of  the  calculations  are  given  in  table 
1.  Values  of  fl  (or  tl)  greater  than  0.8  were  not  used 
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Figure  15-Melting  curves  of  cells 
L20-2/3,  L26-2/3  and  L27-2/3 
obtained  in  a  bath  maintained  at 
58.380  °C.  ■  represent  data  ob- 
tained for  cell  L20-2/3,  ▲  repre- 
sent data  obtained  for  cell 
L26-2/3,  and  ♦  represent  data 
obtained  for  cell  L27-2/3. 
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Table  1.    Mole  fraction  of  impurities  for  three  cells  (representative  of  all  109  cells  of  SRM  1970 
certified  to  date),  determined  by  using  different  parts  of  the  melting  curves. 


(rl,r2)    X 


L27-2/3 

L26-2/3 

L20-2/3 

(0.1,0.5) 

0.000,000,162 

0.000,000,593 

0.000,001,510 

(0.1,0.6) 

0.000,000,207 

0.000,000,725 

0.000,001,553 

(0.1,0.7) 

0.000,000,302 

0.000,000,755 

0.000,001,61 1 

(0.1,0.8) 

0.000,000,394 

0.000,000,888 

0.000,001,627 

(0.2,0.5) 

0.000,000,288 

0.000,001,151 

0.000,001,870 

(0.2,0.6) 

0.000,000,388 

0.000,001,424 

0.000,001,941 

(0.2,0.7) 

0.000,000,604 

0.000,001,450 

0.000,002.054 

(0.2,0.8) 

0.000,000,805 

0.000,001,726 

0.000,002,071 

(0.3,0.7) 

0.000,000,906 

0.000,002,491 

0.000,002,718 

(0.3,0.8) 

0.000,001,242 

0.000,002,900 

0.000,002,692 

Best  estimates: 

of  X 

0.000,000,3 

0.000,000,7 

0.000,001,6 

of  Purity 

99.999,97% 

99.999,93% 

99.999,84% 

because  at  values  greater  than  that  the  temperatures  of 
the  thermometers  were  already  being  influenced  by  the 
environment  external  to  the  cells.  As  indicated  in  table 
1,  10  different  sections  of  each  curve  were  used  to  esti- 
mate the  amount  of  impurity.  In  these  determinations  of 
impurities,  eq  (4)  is  most  sensitive  over  about  the  first 
50%  of  the  melt.  Consequently,  we  gave  that  section  of 
the  curves  the  greatest  weight  in  estimating  the  amount 
of  impurities  present.  The  measurements  on  the  three 
samples,  representative  of  all  the  SRM  1970  cells,  then, 
lead  to  estimates  of  the  purities  ranging  from 
99.999,97%  to  99.999,84%,  as  listed  in  table  1. 

4.    Recommended  Procedure  for  Use  of  SRM 
1970  in  Calibration  of  Thermometers 

To  obtain  the  best  results  in  calibrating  thermometers 
using  SRM  1970,  the  SCN  should  be  totally  melted,  a 
thin  sheath  of  solid  SCN  prepared  around  the  thermom- 
eter well,  the  cell  placed  in  an  appropriate  constant- 
temperature  environment,  and  the  SCN  slowly  frozen 
while  calibrating  the  thermometers. 

The  constant-temperature  environment  should  be  a 
well-stirred  fluid  bath  (preferably  containing  a  light  pu- 
rified mineral  oil)  maintained  at  a  temperature  between 
56.88 ±0.05  °C  and  58.02±0.05  °C.  Since  the  SRM  1970 
cells  are  approximately  18  cm  long,  the  bath  should  be 
at  least  20  cm  deep  from  the  top  level  of  the  oil.  The  cell 
or  cells  should  be  mounted  vertically  in  a  suitable  holder 
in  such  a  way  that  the  cells  are  completely  immersed 
below  the  level  of  the  oil. 


A  temperature  controller  capable  of  controlling  the 
bath  to  ±0.02  °C  is  preferred,  but  one  could  use  a  bath 
controlled  to  only  ±0.05  °C,  or  even  ±0.1  °C. 

The  detailed  procedure  preferred  for  calibrating  a 
thermometer  through  the  use  of  an  SRM  1970  SCN 
triple-point  cell  is  as  follows:  First,  get  a  well-stirred  oil 
bath  to  a  temperature  between  56. 88  ±0.05  °C  and 
58.02 ±0.05  °C  and  maintain  it  at  that  point.  Melt  the 
sample  by  immersing  the  cell  in  a  water  bath  at  about 
80  °C.  After  the  SCN  has  completely  melted,  remove 
the  cell  from  the  bath  and  invert  it  several  times  to 
ensure  a  thorough  mixing  of  the  liquid  material  (SCN 
and  all  impurities)  inside  the  cell.  Dry  the  cell,  put  a 
small  amount  of  oil  in  the  thermometer  well,  and  insert 
a  cold  copper  rod  into  the  well.  After  the  formation  of 
what  appears  to  be  a  2-to-3  mm  sheath  of  the  SCN 
around  the  thermometer  well,  put  the  cell  into  the 
temperature-controlled  bath,  using  a  holder  to  support 
the  cell.  Insert  the  thermometer  to  be  calibrated  in  the 
thermometer  well  of  the  cell,  wait  10  to  15  minutes,  then 
read  the  indication  of  the  thermometer.  The  correct  tem- 
perature of  the  thermometer  at  that  time  is  the  value 
indicated  on  the  SRM  certificate. 

If  more  than  one  thermometer  is  to  be  calibrated,  the 
second  and  succeeding  thermometers  should  be  allowed 
5  to  10  minutes  to  reach  thermal  equilibrium  with  the 
freezing  SCN  in  the  cell  before  obtaining  measurements 
on  them.  The  smaller  the  mass  of  the  thermometer  and 
the  closer  the  temperature  of  the  thermometer  is  to  that 
of  the  fixed  point,  the  shorter  the  length  of  time  required 
for  equilibrium. 

If  the  minimum  recommended  temperature  of  the  en- 
vironment of  the  cell  (56.88  °C)  is  used,  there  should  be 
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a  minimum  time  of  about  90  minutes  available  for  cali- 
bration from  the  time  the  SCN  sheath  is  prepared.  If 
more  than  about  75%  of  the  SCN  has  solidified  and  if 
more  calibrations  are  needed,  remove  the  SCN  cell, 
repeat  the  previous  procedure  to  prepare  a  new  inner 
sheath,  and  put  the  cell  back  into  the  oil  bath  (or  other 
controlled  environment)  for  further  cahbration  work. 
These  consecutive  freezing  and  melting  processes  may 
be  repeated  as  often  as  required. 

5.    Summary  and  Conclusions 

In  certifying  cells  of  SCN  for  SRM  1970,  115  cells  of 
purified  SCN  were  tested,  5  of  them  were  rejected  be- 
cause their  freezing  values  were  below  58.0785  °C,  and 
one  was  broken.  The  remaining  109  samples  were  ac- 
cepted as  suitable  for  the  temperature  standard  refer- 
ence material.  The  triple-point  temperatures  of  all  the 
cells  accepted  for  SRM  1970  ranged  between 
58.0806  °C  and  58.0785  °C,  with  a  mean  value  of 
58.0796  °C,  a  standard  deviation  of  0.48  mK  and  a  stan- 
dard error  of  0.04  mK. 

In  realizing  the  fixed  points  of  these  cells,  the  freezing 
technique  was  found  to  be  more  convenient  than  that  of 
melting  because  of  the  greater  flatness  of  the  freezing 
curves.  Each  of  the  cells  showed  a  high  degree  of  re- 
producibility, with  the  observed  temperature  values  of 
the  plateaus  differing  by  no  more  than  0.8  mK.  These 
properties  make  the  cells  very  attractive  as  a  tem- 
perature reference  standard  for  the  calibration  of  ther- 
mometers near  58.08  °C. 

The  SCN  used  was  of  high  purity;  that  is  clear  from 
the  fact  that  the  spread  of  freezing  -  point  -  temperatures 
values  per  lot  did  not  exceed  1.3  mK.  The  amount  of 
impurities  estimated  to  be  present  in  the  SCN  of  the 
109  cells  of  SRM  1^70  has  values  ranging  from  3  X 
10"7  to  1.6X  10"6,  equivalent  to  a  purity  of  the  SCN 
ranging  from  99.999,97%  to  99.999.84%.  This  is  a 
very  high  purity  for  an  organic  material. 


Thermometers  with  diameters  no  greater  than  4.5  mm 
may  be  calibrated  in  these  SRM  1970  cells. 
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standardization.  Also  included  from  time  to  time  are  survey  articles  on  topics  closely  related  to  the  Bureau's 
technical  and  scientific  programs.  Issued  six  times  a  year. 


Nonperiodicals 


Monographs— Major  contributions  to  the  technical  literature  on  various  subjects  related  to  the  Bureau's  scien- 
tific and  technical  activities. 

Handbooks — Recommended  codes  of  engineering  and  industrial  practice  (including  safety  codes)  developed  in 
cooperation  with  interested  industries,  professional  organizations,  and  regulatory  bodies. 
Special  Publications— Include  proceedings  of  conferences  sponsored  by  NBS,  NBS  annual  reports,  and  other 
special  publications  appropriate  to  this  grouping  such  as  wall  charts,  pocket  cards,  and  bibliographies. 
Applied  Mathematics  Series — Mathematical  tables,  manuals,  and  studies  of  special  interest  to  physicists, 
engineers,  chemists,  biologists,  mathematicians,  computer  programmers,  and  others  engaged  in  scientific  and 
technical  work. 

National  Standard  Reference  Data  Series — Provides  quantitative  data  on  the  physical  and  chemical  properties 
of  materials,  compiled  from  the  world's  literature  and  critically  evaluated.  Developed  under  a  worldwide  pro- 
gram coordinated  by  NBS  under  the  authority  of  the  National  Standard  Data  Act  (Public  Law  90-396). 
NOTE:  The  Journal  of  Physical  and  Chemical  Reference  Data  (JPCRD)  is  published  quarterly  for  NBS  by 
the  American  Chemical  Society  (ACS)  and  the  American  Institute  of  Physics  (AIP).  Subscriptions,  reprints, 
and  supplements  are  available  from  ACS,  1155  Sixteenth  St.,  NW,  Washington,  DC  20056. 
Building  Science  Series — Disseminates  technical  information  developed  at  the  Bureau  on  building  materials, 
components,  systems,  and  whole  structures.  The  series  presents  research  results,  test  methods,  and  perfor- 
mance criteria  related  to  the  structural  and  environmental  functions  and  the  durability  and  safety 
characteristics  of  building  elements  and  systems. 

Technical  Notes— Studies  or  reports  which  are  complete  in  themselves  but  restrictive  in  their  treatment  of  a 
subject.  Analogous  to  monographs  but  not  so  comprehensive  in  scope  or  definitive  in  treatment  of  the  subject 
area.  Often  serve  as  a  vehicle  for  final  reports  of  work  performed  at  NBS  under  the  sponsorship  of  other 
government  agencies. 

Voluntary  Product  Standards— Developed  under  procedures  published  by  the  Department  of  Commerce  in 
Part  10,  Title  15,  of  the  Code  of  Federal  Regulations.  The  standards  establish  nationally  recognized  re- 
quirements for  products,  and  provide  all  concerned  interests  with  a  basis  for  common  understanding  of  the 
characteristics  of  the  products.  NBS  administers  this  program  as  a  supplement  to  the  activities  of  the  private 
sector  standardizing  organizations. 

Consumer  Information  Series — Practical  information,  based  on  NBS  research  and  experience,  covering  areas 
of  interest  to  the  consumer.  Easily  understandable  language  and  illustrations  provide  useful  background 
knowledge  for  shopping  in  today's  technological  marketplace. 

Order  the  above  NBS  publications  from:  Superintendent  of  Documents,  Government  Printing  Office, 
Washington,  DC  20402. 

Order  the  following  NBS  publications — FIPS  and  NBSIR  's—from  the  National  Technical  Information  Ser- 
vice, Springfield,  VA  22161. 

Federal  Information  Processing  Standards  Publications  (FIPS  PUB) — Publications  in  this  series  collectively 
constitute  the  Federal  Information  Processing  Standards  Register.  The  Register  serves  as  the  official  source  of 
information  in  the  Federal  Government  regarding  standards  issued  by  NBS  pursuant  to  the  Federal  Property 
and  Administrative  Services  Act  of  1949  as  amended,  Public  Law  89-306  (79  Stat.  1127),  and  as  implemented 
by  Executive  Order  11717  (38  FR  12315,  dated  May  11,  1973)  and  Part  6  of  Title  15  CFR  (Code  of  Federal 
Regulations). 

NBS  Interagency  Reports  (NBSIR) — A  special  series  of  interim  or  final  reports  on  work  performed  by  NBS 
for  outside  sponsors  (both  government  and  non-government).  In  general,  initial  distribution  is  handled  by  the 
sponsor;  public  distribution  is  by  the  National  Technical  Information  Service,  Springfield,  VA  22161,  in  paper 
copy  or  microfiche  form. 
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